Respiratory tract infections due to human metapneumovirus (hMPV) have been reported worldwide, with the exception of Africa. The prevalence of hMPV infection was studied among human immunodeficiency virus type 1 (HIV-1)-infected and HIV-1-uninfected African infants who were hospitalized for lower respiratory tract infections (LRTIs). Nasopharyngeal aspirate samples obtained from 81 HIV-1-infected and 110 HIV-1-uninfected infants who had tested negative for other respiratory viruses were selected for investigation. hMPV was detected in 10 HIV-1-uninfected infants (9.1%) and 3 HIV-1-infected infants (3.7%). Compared with the entire cohort of HIV-1-uninfected infants, hMPV was 4.6-fold less common than respiratory syncytial virus, but it was 3.2-fold more common than influenza virus and 2.1-fold more common than parainfluenza virus types 1-3. Genotyping of 7 of 14 isolates revealed the circulation of 2 major phylogenetic groups of the virus, which were similar to those described in North America and Europe.
respiratory tract infections [2-4, 6, 7] . The clinical spectrum of illness appears to be similar to that caused by human respiratory syncytial virus (RSV) and ranges from mild rhinitis to severe bronchiolitis and pneumonitis requiring mechanical ventilation [1, 2, 8] .
Although hMPV has been isolated among asymptomatic young adults who may well have had immunity due to prior infections during childhood [6] , it was not isolated among 400 asymptomatic children in The Netherlands, compared with an isolation rate of ∼10% among children with respiratory tract infection in The Netherlands [1] . In developing sub-Saharan African countries, important risk factors for death due to LRTI include young age and HIV-1 infection [9] . The aim of this study was to retrospectively evaluate the prevalence of hMPV among HIV-1-infected and HIV-1-uninfected infants who had been hospitalized for severe LRTI during the autumn/winter/early spring seasons of 2000 (1 March 2000 through 30 September 2000).
METHODS
The specimens analyzed in this study had been obtained from a cohort of infants who were participating in a phase 3 trial evaluating the efficacy of a nonavalent pneumococcal conjugate vaccine. Nasopharyngeal aspirate (NPA) samples were obtained from the infants at the time of hospitalization for LRTI. Full clinical details, which included obtainment of a clinical history and a physical examination, were performed by one of the study staff members. The method used for obtaining and processing the NPA samples has been described elsewhere [10] . All samples were evaluated for common respiratory viruses, including RSV, influenza viruses A and B, parainfluenza virus (PIV) types 1-3, and adenovirus, using a direct immunofluorescence assay (Respiratory Panel 1 Viral Screening and Identification Kit; Chemicon International). Of a total of 824 samples (326 obtained from HIV-1-infected infants, 486 obtained from HIV-1-uninfected infants, and 12 obtained from infants with unknown HIV-1 infection status), 196 samples were randomly selected and were stratified by HIV-1 infection status. These 824 samples were in addition to 454 samples (75, 367, and 12 obtained from HIV-1-infected infants, HIV-1-uninfected infants, and infants with unknown HIV-1 infection status, respectively) from which у1 of the studied common respiratory viruses was identified. The HIV-1 infection status of the infants was determined using HIV-1 ELISAs (Axsym [Abbott] and Murex HIV 1+2 [Murex Diagnostics]) and confirmed using an HIV-1 PCR assay (HIV-1 DNA PCR, version 1.5; Roche Amplicor).
The NPA samples were aliquoted within 4 h after obtainment and were stored at Ϫ70ЊC until the time of processing for this study. We chose to limit the number of samples tested, as well as the period of time from which samples were selected for testing, because of the limited resources available to conduct this preliminary study, which aimed to document whether hMPV was an important pathogen among infants who are traditionally most at risk of being hospitalized for LRTI. Furthermore, we chose not to evaluate specimens that had tested positive for any of the other common respiratory viruses on the basis of the low frequency of dual-virus coinfections with hMPV and other viruses (0%-2%) observed in all but one of the other studies [1, 2, 4, 8] . The samples used were obtained during March through July, which is period when previous RSV epidemics had been described to occur in the community [11] , as well as 2 months thereafter (August and September-i.e., early spring), to reflect the possibility that the seasonality of hMPV epidemics follows that of RSV epidemics.
The identification of hMPV was done by RT-PCR targeted against the fusion (F) protein of hMPV. Total RNA was extracted from stored NPAs using the High Pure RNA kit (Roche Molecular Biochemicals), as described elsewhere [11] . The hMPV was identified as described elsewhere [12] . The original RT-PCR assay was modified to a 1-step RT-PCR using the Titan One Tube RT-PCR system (Roche Molecular Biochemicals). In brief, 10 mL of total RNA was added to a 40-mL reaction mixture, in accordance with manufacturer's instructions. The reverse transcription procedure was performed at 50ЊC for 30 min, and PCR was performed as described elsewhere [12] . The resulting amplicons were purified from agarose gels using the Gene Clean kit (Bio 101). Both strands were sequenced using the BigDye Terminator Cycle Sequencing kit (Applied Biosystems) with the ABI 310 automated sequencer (PE Applied Biosystems). The partial nucleotide sequences of the F gene were aligned using , with the published F nu-CLUSTAL ϫ 1.81 cleotide sequence obtained from The Netherlands (isolate HMPV001; GenBank accession no. AF371337). All samples were tested at the Respiratory and Meningeal Pathogens Research Unit in Johannesburg, South Africa.
Data were entered and analyzed using SAS (SAS Institute) and Epi Info, version 6.04d (Centers for Disease Control and Prevention), statistical software packages [13, 14] . Mean values were compared using Student's t test, and proportions were compared using the x 2 and Fisher's exact tests, as appropriate. ORs and 95% CIs were computed using Epi Info, version 6.04d.
RESULTS
A total of 196 samples (81 samples obtained from HIV-1-infected infants, 110 obtained from HIV-1-uninfected infants, and 5 obtained from infants with unknown HIV-1 infection status) were analyzed. The mean age (‫ע‬SD) of infants with hMPV-associated LRTI ( months) was similar to that 6.0 ‫ע‬ 2.4 of infants from whom hMPV was not isolated (5.2 ‫ע‬ 2.8 months;
). Furthermore, there was no difference ob-P p .29 served in the mean age of HIV-1-infected and HIV-1-uninfected infants from whom hMPV was isolated ( vs. 5.9 ‫ע‬ 2.8 6.1 ‫ע‬ 0.2 months;
). P p .40 Overall, hMPV was identified in 14 (7.1%) of the 196 infants, including 10 cases (9.1%) and 3 cases (3.7%) identified among HIV-1-uninfected and HIV-1-infected infants, respectively ( ). One additional case was detected among the 5 in-P p .24 fants for whom the HIV-1 infection status had not been determined. There was a slight predominance of male sex (8 [57.1%] of 14) among infants with hMPV infection.
Because there were no clinical differences observed between HIV-1-infected and HIV-1-uninfected infants, possibly as a result of the limited number of infants from whom hMPV was isolated, the clinical features of all infants were analyzed together. The key clinical features of the individual infants are shown in table 1. The median duration of symptoms before hospitalization was 4.5 days (range, 1-30 days); the median oxygen saturation in room air, as measured by pulse oximetry, at the time of hospitalization was 92% (range, 84%-97%); and NOTE. Alv, alveolar infiltrate; CHD-VSD, congenital heart disease/ventricular septal defect; CLD, chronic lung disease; CRP, C-reactive protein; ex-prem, born at !36 weeks of gestational age; ND, not done; NP, not present; OI, interstitial/bronchopneumonic infiltrate; P, present; PTB, pulmonary tuberculosis.
the mean axillary temperature (‫ע‬SD) was . 37.0ЊC ‫ע‬ 0.7ЊC Seven (50%) of 14 infants had wheezing, and 8 (57.1%) of 14 infants had rales on auscultation of the chest. A clinical diagnosis of bronchiolitis was made for 7 (50%) of the 14 infants, and pneumonia was diagnosed for 9 infants, including 2 infants who also had bronchiolitis.
WBC counts and C-reactive protein levels at the time of hospitalization were determined for only 6 (42.9%) of 14 infants. The median C-reactive protein level was 56.5 mg/dL (range, 9.0-114 mg/dL; normal level, !3.0 mg/dL), and the median WBC count was cells/L (range, 4.6-33.1 ϫ 9 11.7 ϫ 10 10 9 cells/L). The median duration of hospital stay was 2.0 days (range, 1-21 days). Although it was longer among HIV-1-infected infants (median, 9.0 days; range, 1-13 days), the duration of hospitalization did not differ significantly from that for HIV-1-uninfected infants (median, 2.0 days; range, 1-21 days;
). P p .38 It is of interest that risk factors, such as premature birth, chronic lung disease, and congenital heart disease, that have been related to more-severe RSV illness among infants were commonly encountered among infants who had hMPV-associated LRTI (6 [42.9%] of 14 infants), including 2 infants who were HIV-1 infected and who had other underlying risk factors. The prevalence of these risk factors among infants who tested negative for hMPV was 20.3% (37 of 182 infants;
). P p .05 There was a trend toward a longer duration of hospitalization among infants with presumed underlying risk factors for severe disease (median duration, 8. ). For all infants, blood cultures P p .11 were negative for bacteria; nevertheless, all infants were treated with antibiotics. Furthermore, 6 (42.9%) of 14 infants with hMPV-associated LRTI received supplemental oxygen therapy, and none of the infants required admission to the intensive care unit or died. Although Pneumocystis jiroveci was identified in 11 (44%) of 25 HIV-1-infected infants who were investigated for P. jiroveci pneumonia (PCP), none of the 3 HIV-1-infected infants in whom hMPV was identified had been evaluated for PCP.
Nucleotide comparison for the partial F gene sequences of 7 (50.%) of the 14 hMPV isolates revealed the isolation of 2 major phylogenetic groups, with 86%-88% similarity between the groups. The nucleotide homology in group 1 isolates was 95%-99%, and it was 94%-99% in group 2 isolates (figure 1).
The frequency of detection of the other common respiratory viruses among the 401 HIV-1-infected and 853 HIV-1-uninfected infants who constituted the entire cohort of infants is shown in table 2. The extrapolated number of cases of hMPV for the entire cohort was based on the premise that concurrent infection involving hMPV and the other tested common respiratory viruses was uncommon. Consequently, it was estimated that hMPV could potentially have been identified in 15 (3.7%) of the 401 HIV-1-infected infants and in 78 (9.1%) of the 853 HIV-1-uninfected infants. Among HIV-1-uninfected infants, RSV was identified more often than was hMPV (31.8% vs. 9.1%; ); however, hMPV exceeded the other studied P ! .0001 respiratory viruses as a potential cause of LRTI (table 2) . Furthermore, among HIV-1-infected infants, RSV was also identified more often than was hMPV (11.2% vs. 3.7%; ); P ! .0001 however, the rate of identification of hMPV was similar to that of influenza viruses A and B and PIV types 1-3 (table 2) .
DISCUSSION
To our knowledge, this is the first study to document the existence of hMPV in Africa and among HIV-1-infected infants, and it confirms the global distribution of this virus. hMPV was identified as a possible cause of LRTI among 9.1% of HIV-1-uninfected and 3.7% of HIV-1-infected infants. The relatively lower prevalence of hMPV among HIV-1-infected infants, compared with HIV-1-uninfected infants, was most likely related to the greater importance of other respiratory pathogens among HIV-1-infected infants, including bacteria (у15% of cases) and P. jiroveci (∼45% of cases) [9, 15] . In a previous study, we showed that, despite RSV (5.3% vs. 18.1%), influenza virus (5.4% vs. 11.8%), and parainfluenza viruses (4.2% vs. 7.9%) being proportionally less commonly isolated among HIV-1-infected infants than among HIV-1-uninfected infants who had been hospitalized for severe LRTI, the relative risk of hospitalization for LRTI associated with these viruses was ∼2-8-fold greater among HIV-1-infected infants [10] . The design of this study was suboptimal to estimate the relative risk of hospitalization for hMPV-associated LRTI between HIV-1-infected and HIV-1-uninfected infants. Nevertheless, on the basis of the estimate that the prevalence of HIV-1 infection in the study cohort was ∼6% [16] , it was extrapolated that, like other common respiratory viruses [10] , hMPV was isolated from a lower proportion of HIV-1-infected infants hospitalized for LRTI. The population risk of hospitalization for hMPVassociated LRTI was, however, 2.9-fold (95% CI, 1.6-5.1-fold) greater among HIV-1-infected infants than among HIV-1-uninfected infants, as determined on the basis of calculation methods described elsewhere [10] .
Although there were no significant clinical differences observed between HIV-1-infected and HIV-1-uninfected infants in our study, this observation may be biased because of the low number of infants studied. Comparison of the frequency of detection of hMPV in this study in relation to other published studies is confounded by differing spectrums of respiratory tract infections included in the various studies [1] [2] [3] [4] [5] [6] [7] [8] .
The frequency of detection of hMPV in this study was second only to that of RSV among HIV-1-infected and HIV-1-uninfected children. Among HIV-1-uninfected infants, hMPV was ∼4.6-fold less common than RSV, but it was 2-3-fold more common than influenza virus A, PIV types 1-3, or adenovirus during the studied period. In previous years, we documented that circulation of PIV types 1-3 and adenovirus is perennial and that circulation of influenza virus occurs during the period of the year we studied [10] .
Other limitations of our study include the fact that only a fraction of samples from the study period were studied, although they were randomly selected, and that the method of diagnosing the other studied respiratory viruses (direct immunofluoresence testing) may have been less sensitive than the PCR technique used for detection of hMPV. Furthermore, none of the samples that had tested positive for other respiratory viruses were further tested for hMPV. This may have resulted in a lowering of the relative importance of hMPV in relation to the other viruses. Samples were also not evaluated for other potential respiratory viral pathogens, such as rhinovirus, enterovirus, and coronavirus. Concurrent viral infections have been reported among 2 (16.7%) of 12 children with hMPVassociated acute respiratory tract infections, as well as among 70% of children requiring mechanical ventilation for RSVassociated bronchiolitis [8, 17] . Furthermore, among HIV-1-infected children, P. jiroveci is often found, but it was not sought for the 3 HIV-1-infected children in whom hMPV was identified. A high rate (42%) of concurrent PCP and respiratory viral infection among children with LRTI was previously documented in this population [15] ; this may explain the trend toward a longer duration of hospitalization among the HIV-1-infected infants in this study, compared with HIV-1-uninfected infants with hMPV infection.
Furthermore, the yield of hMPV-positive samples in our study may be low, because samples in our study were evaluated directly for hMPV by PCR without culture being performed [1, 2] . Therefore, we may have underestimated the importance of hMPV among African infants. A recent study using the same PCR technique as was used in our study, however, suggested that, on its own, RT-PCR may be adequate for identification of hMPV, even in the absence of viral culture [17] . Although an additional limitation of our study was the absence of a control group of healthy infants to exclude isolation of hMPV as coincidental in the studied infants, a more recent study [17] (in addition to the earliest report on hMPV [1] ) has shown that hMPV infection/colonization is absent among infants without respiratory symptoms. With regard to the clinical spectrum of disease observed among infants in this study, it is interesting that 4 (36.4%) of 11 infants had alveolar consolidation visible on their chest radiographs, as determined on the basis of the World Health Organization's standardized criteria for assessment of chest radiographs [18] . Furthermore, 4 (28.6%) of 14 infants had an axillary temperature of у37.5ЊC at the time of presentation, and 4 (66.7%) of the 6 infants examined had C-reactive protein levels of у40 mg/dL. In the absence of any bacterial growth on blood cultures, these findings suggest either that hMPV may be associated with a severe inflammatory response, including extensive lung parenchymal involvement, or that there may have been concurrent, unrecognized bacterial coinfections in these infants that may have contributed to the radiological and laboratory features that were observed. However, the findings in our study are in contrast with those in a study from Hong Kong, where the majority of children with hMPV infection were pyrexial (mean temperature, 39.2ЊC), and none had lobar consolidation visible on chest radiographs [5] . However, the children with hMPV infection in the Hong Kong study were much older (mean age, 31.7 months) than were those in our study [5] . The C-reactive protein levels and WBC counts observed among selected infants in our study also differed from those observed among Finnish children, in whom the mean Creactive protein level was 9 mg/L and the mean WBC count was cells/L [7] . This difference in C-reactive protein 9 9.5 ϫ 10 levels and WBC counts in our study may have been because these values were determined mainly in infants with severe disease, as evidenced by the longer duration of hospitalization among the infants for whom these measurements were made; in the Finland study, these tests were performed for children with clinically milder disease [7] . However, the duration of hospitalization in our study (median, 2.0 days) was similar to that observed among Finnish children ( , 2.5 ‫ע‬ 1.6 mean ‫ע‬ SD days) [7] .
Although our study did not aim to define risk factors for severe hMPV-associated LRTI, it is interesting to note that those risk factors, especially premature birth, were identified as frequently among hMPV-infected infants (28%) in this study as they were among infants with severe RSV disease from the same population [11] . hMPV has been widely postulated to behave clinically similarly to RSV [2] . Therefore, additional studies are warranted to clarify the importance of the identified risk factors as underlying conditions for severe RSV disease among infants. Although it was not significant, the finding of longer durations of hospital stay among infants with underlying medical conditions is a signal indicating greater severity of hMPV-associated LRTI amongst these infants.
Although genotyping was only performed for 7 hMPV isolates, the findings of our study corroborated those of other investigators in North America and Europe who described the simultaneous circulation of 2 major phylogenetic clusters of hMPV. Those findings were based on the nucleotide comparison of the F gene sequences and confirm the global existence of similar strains of hMPV-associated respiratory tract infections [1, 12, 17, 19, 20] .
